To determine whether the prehospital use of continuous positive airway pressure (CPAP) therapy is associated with a reduced rate of endotracheal intubation in patients with an acute respiratory disorder brought to the emergency department (ED).
INTRODUCTION
Continuous positive airway pressure (CPAP) therapy for sleep apnea was initiated in the 1980s. [1] Since then this therapy has been widely used for certain acute respiratory disorders. It also can significantly increase the survival rates of patients with chronic obstructive pulmonary disease (COPD) [2] and those with neuromuscular disorders. [3] In immunocompromized patients in the emergency department (ED) and ICU, CPAP is used as a therapeutic device for COPD exacerbation, congestive heart failure, post-extubation airway maintenance, and hypoxemic respiratory failure. CPAP decreases the rate of intubation. [4] [5] [6] Yet, there are few reports on the expansion of CPAP into the prehospital setting.
Because of the adverse results of intubation and sedation and paralysis that often require pre/ post intubation, the preventive step should be taken at the emergency medical service (EMS) stage. Ventilatory support via early application of CPAP can be an important factor improving outcomes in patients with acute respiratory diseases. [7] The reduction in endotracheal intubation after early respiratory support may lead to the prevention of long-term complications such as discomfort, nosocomial infection, tracheal stenosis, tracheomalacia, and inadvertent extubation.
Apart from the long-term adverse effects of intubation/mechanical ventilation, there are a number of significant concerns regarding emergency tracheal intubation. [8] Unlike intubation in a controlled setting such as operating room, emergency intubations are often carried out by paramedics (less experienced personnel) on patients in uncontrollable conditions. This setting creates more adverse results such as hemodynamic instability, pneumothorax, pulmonary aspiration, and esophageal intubation, which contribute significantly to hypoxemia, regurgitation, aspiration, bradycardia, cardiac dysrhythmias, and cardiac arrest. [9] [10] [11] To achieve a more controlled environment in preparation for intubation, sedation/analgesia is required but it itself is associated with numerous adverse results. [12] Endotracheal intubation requires heavy sedation with neuromuscular blocking agents in critical care settings to facilitate endotracheal tube tolerance and mechanical ventilation synchronization. All of these components are subjected to their own individual complications, such as hypotension, critical care neuromyopathy, aspiration and prolonged sedation and toxic metabolic encephalopathy, which in combination may lead to a potentially dangerous treatment option which is preferably avoided. [12] In association with the health risks discussed, the financial costs are also substantial. When an intubated patient stayed in the hospital for more than 4.5 days, additional costs would be $11 000. [13] A randomized trial [14] showed that patients with acute respiratory failure in the inpatient setting are less likely to have endotracheal intubation when CPAP is added to standard therapy.
C PA P i n d u c e s a d v e r s e e f f e c t s , i n c l u d i n g pneumothorax, periorbital ecchymosis, sinusitis, epistaxis, aerophagia, impeding cough, difficulty with clearance of respiratory secretions, skin abrasion/ lacerations, and hypotension. However, to avoid infections, prolonged ICU stay, and increased mortality after intubation [15, 16] may far outweigh the potential complications of CPAP.
In this retrospective cohort study, we identified whether CPAP therapy could be broadened further in the prehospital setting and whether CPAP was associated with a decreased rate of subsequent complications after intubation. The study incorporated the paramedic/ EMS evaluation, CPAP treatment, and the clinical outcome of patients in the ED of a large tertiary care teaching hospital, as well as reports on prehospital CPAP treatment. [17, 18] The study setting allowed the varied effects of CPAP to be further recognized using a larger sample size. With a larger population being reviewed, this study allowed for better control over the multiple variables, given its utilization of the same protocols, paramedics, ED team, and hospital staff.
While it was not a set goal of the study, following completion of the study it appeared evident that the training of the emergency medical service teams in CPAP device use, and application could easily be achieved.
METHODS

Study design
In this retrospective cohort study, we compared the rate of intubation in patients with acute respiratory distress treated with CPAP from 2010 to 2011.
Setting
The study was conducted in a 775-bed private tertiary care teaching hospital located in New Jersey, USA.
Methods and measurement
To i d e n t i f y t h e r e l a t i o n s h i p b e t w e e n C PA P treatment in a prehospital setting and intubation rate upon ED admission, we retrospectively analyzed the data of patients who were treated with CPAP before hospitalization. The data were compared with those from patients who received standard care without CPAP therapy ( Figure 1) .
We reviewed the records of CPAP prehospital use, and found that the medical institution's primary paramedic unit had been using CPAP as a therapeutic device since 2006. Using this information we derived the data of CPAP use from Paramedic's records of patients who underwent CPAP ventilation due to respiratory distress at the scene or en route during the period of January 1, 2010 to December 30, 2011 (Table 1 ). These records revealed that 215 patients had received CPAP in the prehospital setting. To minimize confounding variability, patients who had a history of CPAP use or were intubated at the scene were excluded from the study. The collected paramedic information was then correlated with the medical institution's medical records to ascertain patient data, such as age, sex, diagnosis on admission, and whether they had been intubated after admission. Following the collection of the data of the CPAP treatment group, primary diagnostic categories on admission were created for all patients involved in the study. The categories included chronic obstructive pulmonary disease exacerbation (COPD), congestive heart failure (CHF), respiratory distress (RD), acute respiratory distress (ARD), and respiratory failure (RF). The categorization of patients in ARD was one that the field team made upon initial impression, following the recognition of patients requiring respiratory assistance, regardless of the underlying etiology ( Figure 2 ). The comparison of the control group was based upon the data derived from the institution's medical records. The records pertained to patients with the primary diagnoses on admission who had not received CPAP therapy before being admitted to the ED by the EMS. To prevent any overlapping time period or pilot trials of CPAP treatment, the data of the control group were collected from January 1, 2004 to December 31, 2004. This was approximately 2 years before the use of CPAP by paramedic units in New Jersey.
The records of 1 408 patients correlated with their diagnosis during this period. The records were individually assessed to ascertain whether the patients had been transported via ambulance services, and whether they had been categorized into the predetermined diagnostic categories. In the 1 408 patients 570 patients had received EMS, and were divided into the above categories. Like the CPAP group, the control group was reviewed to determine whether the patients had been intubated after ED admission. For this study intubation criterion was within 72 hours post ED admission. After data collection by a primary investigator, random patient charts from both the control and CPAP groups were rechecked by co-investigators.
Statistical analysis
Given a few outlier elderly patients, the age of the patients did not follow the normal distribution for the given patient sample data, as evidenced by the Shapiro-Wilk test. Further, the data were skewed due to the presence of extremely small values. Therefore, all summaries consisted of median [interquartile range (IQR): 25 th -75 th percentiles], and age was compared between the CPAP and control (no CPAP) groups using a nonparametric test, two-sided Wilcoxon's rank-sum test. Categorical responses were presented as frequencies (percentages). Binary responses of the two groups were compared using Fisher's exact test or the Chi-square test.
The risk of intubation was examined using logistic regression analysis after the patients with and without CPAP treatment during EMS were admitted to the ED. Further, multivariable logistic regression analysis was used to adjust the effects that were significant in univariable analysis. The results of the logistic regression analysis were presented as odds ratio (OR), 95% confidence interval (CI) and P value. In order to circumvent the problem of imbalance of the CPAP and control groups, propensity scores were used to adjust the three covariates collected in this study. A propensity score indicated the conditional probability of receiving CPAP, given a set of covariates, i.e. age, gender and diagnosis. In a nonrandomized study like the current retrospective chart review, self-selection bias can be addressed by matching the subjects in each group based on the propensity scores using logistic regression analysis. The rationale for this approach is that subject with equal or nearly equal propensity scores tend to have similar distribution in covariates. This property was validated in the study by examining the distribution of the propensity scores for the CPAP and control groups. The adequacy of the propensity score adjusted multivariable logistic regression analysis was calibrated using Hosmer and Lemeshow's goodnessof-fi t test. P<0.05 was considered statistically signifi cant. Data analysis was conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Analysis of the data revealed that the diagnostic categories of RF, respiratory failure, RD, and respiratory distress were not equally distributed in the patients. This is likely due to the assignment of diagnostic categories from the pre-set International Classifi cation of Diseases (ICD) coding system. Given these assigned diagnoses, there is likely to be overlap noted across the similar categories. However, this skewed distribution was accounted for through the use of propensity scores.
In 330 male patients, 87 (26.4%) were intubated, but in 455 female patients,105 (23.1%) were intubated (P=0.3131). In 396 patients with CHF, 52 (13.1%) were intubated; in 136 COPD patients, 8 (5.9%) were intubated; in 43 patients with RD, 6 (14 %) were intubated; in 3 ARD patients none was intubated; and in 207 patients with RF 126 (60.9%) were intubated. There was a significant difference between diagnoses (P<0.0001). In 215 EMS patients treated with CPAP before hospitalization, 28 (13.0%) were intubated after admission. But in 570 EMS patients treated with CPAP, 164 (28.8%) were intubated after admission to the ED. There was a significant difference in intubation rates between the EMS patients treated with CPAP before hospitalization and those who treated with no CPAP (P<0.0001).
Univariable logistic regression ( did not have CPAP treatment. Diagnoses also had a signifi cant effect on the risk for intubation. The pair wise comparison of the diagnoses showed that CHF, COPD and RD with ORs (0.097, 0.040 and 0.104, respectively) were signifi cantly lower than RF. Moreover, patient age was a statistically significant risk factor for intubation. Hosmer and Lemeshow's test showed that diagnosis model was not a good fi t although there was a signifi cant association (P<0.0001). After the ARD group was removed from the diagnosis, the analysis produced a good fit (P=1.000) by the Hosmer and Lemeshow's test. The ARD group was removed from the logistic regression analysis given since there was very small frequency (n=3 in CPAP group) or 0 frequency in the non-CPAP treatment group. The removal of diagnosis category ensured a model of the other diagnosis categories, which had a good fit and significant association.
A multivariable logistic regression analysis (Table 3 ) using propensity scores to adjust age, sex and diagnosis (CHF, COPD, and RF) demonstrated that the risk of intubation in EMS patients treated with CPAP was reduced more significantly than that in those who were not treated with CPAP (OR=0.383; 95% CI: 0.246 to 0.596) (P<0.001). The propensity scores were stratified into 3 groups, a variable which reported a significant association with the risk of intubation (OR=0.569, 95% CI: 0.459 to 0.704, P<0.0001). The CPAP and non-CPAP treatment groups were balanced with respect to the covariates: age, gender and diagnosis, based on the distribution of propensity scores. The Hosmer and Lemeshow test indicated that this model was a good fit (Chi-square test=8.075, df=4, P=0.0888).
The logistic regression analysis of risk for intubation in this retrospective study demonstrated that there was a correlation between CPAP treatment in EMS before hospitalization and a decreased intubation rate of 62% (OR 0.348, 95% CI: 0.246 to 0.596). Further, propensity scores were used to adjust age, sex and diagnosis, with a reduction of risk for intubation (66%) after CPAP treatment prehospitalization (OR 0.34, 95% CI: 0.199 to 0.593). In addition to a small number of patients Table 3 . Multivariable Logistic regression analysis evaluating risk of intubation in emergency medicine patients treated with CPAP vs. non-CPAP with respiratory distress/acute respiratory distress, the distributions between the CPAP and non-CPAP groups were ill balanced compared with the other diagnosis groups. This may be due to the lack of controls in the selection that is inherent in retrospective studies. This issue was addressed in the present study using propensity scores.
DISCUSSION
In patients with acute respiratory disorders, a correlation can be observed between the early use of CPAP in EMS before hospitalization and a decreased intubation rate upon admission to the ED. The results of this study showed that CPAP is effective in certain conditions and should be considered as an early intervention for respiratory disorders. No deleterious effects were due to the early CPAP use. These findings are important as they not only highlight the efficacy of CPAP but also the important role the EMS plays in providing this early intervention. Currently, EMS training is limited to acute care of emergencies before availability of hospital resources.
To achieve a broader acceptance of prehospital use of CPAP, initial steps should be taken for paramedic training by trained physicians, leading eventually to the expansion of the EMS scope. The CPAP training is limited to a 2-hour session. In CPAP settings, empirical titration is used to reduce patients discomfort and improve oxygen saturation, and a pressure of [8] [9] [10] mmHg is used at the initiation of the treatment. The lack of exposure and training may lead to apprehension of CPAP as a therapeutic tool.
As the demand for ED services has continued to increase, ED crowding and EMS diversion have become a substantial problem. [16] With the crude model of "sustain and transport" used by previous paramedic teams, an answer to the growing ED demand may be given in an alternative model of care at the paramedic level. [22] The development of extended care paramedic (ECP) protocols in conjunction with ALS technique and device advancement as seen in our study may be an effective way for the management of the ED admission issues.
With increasing numbers of paramedic units playing the ECP roles, it is possible to create a multi-site study which would recognize whether the level of success is geographically independent, and allow other institutions to apply CPAP in their emergency service.
In addition to expanding the location and the number of sites, the study can develop further by expanding the World J Emerg Med, Vol 6, No 1, 2015 outcome focus. This study was limited in its outcome categories. The researchers primarily focused on identifying intubation rates, as an outcome. However, further development in this aspect may broaden the outlook and the variability in CPAP use. The outcome of future similar studies may see the intubation timeline increased beyond the 3-day limitation, which in turn may provide a better understanding of the long-term post-CPAP effects. With the limited settings extended into a multi-site study, the advanced evidence-based approach would help identify practices that would be expected to improve safety on a national level. [23] Wi t h s u c c e s s f u l r e s u l t s d e m o n s t r a t i n g t h e effectiveness of a basic affordable device on a respiratory disorder and its associated outcomes, it is plausible that further training and application should be indicated in all paramedic/ EMS training in the future. Hopefully, this initiative will improve outcomes in this group of patients.
LIMITATIONS
Based upon two periods in 6 years apart, we reviewed the development of care provided by the paramedic teams. Paramedic interview revealed no substantial changes in training, protocols, and equipment according to the records between the periods, which were recognized as a limitation.
Another limitation was that the variable dependent data were accumulated primarily from the medical center's primary paramedic unit, as opposed to the control data that had been collected from the records consisting of numerous external paramedic teams transporting to the ED. The different service providers could lead to variance in the patient management, with the independent EMS/paramedic clinical approach, and competence possibly playing an important part in the outcome. However, ALS techniques and guidelines are standard training for paramedic teams and would not vary greatly, especially in units within the same region/state. To further prevent any overlapping data, it was ascertained from EMS records that there are no reports of CPAP use in the MICU setting in the extended geographical area of the study before 2006. Paramedic units involved in the study transported both groups of patients directly to the ED, thus limiting possible confounding factors.
Patient information was sometimes limited in paramedic reports. The ambiguity in the records regarding patient's condition, prehospital treatment, or mode of transportation to the ED led to elimination of some data from the study. The removed patients in this study were equally distributed from both CPAP and non-CPAP groups.
